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[0001] This application claims the benefit of the Korean 
Application No. P2002-0049752 filed on August 22, 2002, which is 
hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to a mult i -air 
conditioner, and more particularly, to a multi-air conditioner 
and an operation method thereof capable of simultaneously 
performing cooling and heating operation. 

Discussion of the Related Art 

[0003] Generally, an air conditioner is an apparatus for 
cooling or heating an indoor space such as a residential space, 
office, restaurant and the like. Recently, a multi-air 

conditioner has been developed so as to more effectively cool or 
heat an inner space partitioned into a plurality of rooms. 

[0004] The multi-air conditioner is comprised of one outdoor 
unit, and a plurality of indoor units each being connected to the 
outdoor unit and being installed every room. The mult i- air 
conditioner operates in one of heating mode and cooling mode, 
thereby heating or cooling the room air. 
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[0005] However, the conventional multi-air conditioner has a 
drawback in that even when some rooms among the partitioned rooms 
need to be heated while other rooms need to be cooled, since all 
the indoor units are operated in heating mode or cooling mode, 
the conventional multi-air conditioner does not meet the request 
of the aforementioned mul ti -operations . 

[0006] For example, in buildings, there may occur a 
temperature difference according to a directional position and -a 
daylight time. That is, the northern rooms of a building need to 
be heated while the southern rooms need to be cooled owing to the 
sunlight. However, the conventional air conditioners have a 
limitation in meeting such requirements. Further, in case a 
building has a computer center, the building always needs to be 
cooled even in summer days as well as in winter days, so as to 
solve heat load generated from the computer equipments. However, 
the conventional air conditioner does not yet meet such selective 
air-conditioning requirements . 

[0007] In order to solve these disadvantages, the multi-air 
conditioner is required to condition each room air individually 
at the same time. That is, it is requested that some room airs 
be heated in the heating mode and at the same time, other room 
airs be cooled in the cooling mode. Accordingly, it is required 
to develop a mul ti -air conditioner capable of selectively and 
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simultaneously performing cooling and heating and having an 
economical structure for installation. 

SUMMARY OF THE INVENTION 

[0008] Accordingly, the present invention is directed to a 
multi-air conditioner and an operation method thereof that 
substantially obviate one or more problems due to limitations and 
disadvantages of the related art. 

[0009] An object of the present invention is to provide a 
multi-air conditioner and an operation method thereof capable of 
simultaneously performing cooling and heating operations. 

[0010] Another object of the present invention is to provide 
a multi-air conditioner including a miniaturized and light 
distributor . 

[0011] A further another object of the present invention is 
to provide a multi-air conditioner and an operation method 
thereof, in which in case a plurality of indoor units all operate 
in a cooling mode or in case a majority of indoor units operate 
in the cooling mode while the rest of them operates in a heating 
mode, a mixed ratio of refrigerant introduced into a distributor 
is controlled to improve the air conditioning efficiency. 

[0012] Additional advantages, objects, and features of the 
invention will be set forth in part in the description which 
follows and in part will become apparent to those having ordinary 
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skill in the art upon examination of the .following or may be 
learned from practice of the invention. The obj ectives- and other 
advantages of the invention may be realized and attained by the 
structure particularly pointed out in the written description and 
claims hereof as well as the appended drawings. 

[0013] To achieve these objects and other advantages and in 
accordance with the purpose of the invention, as embodied and 
broadly described herein, there is provided multi-air conditioner 
including: an outdoor unit installed at an outdoor location, and 
having therein a compressor, an outdoor heat exchanger, and an 
outdoor fan for ventilating the outdoor heat exchanger; a 
plurality of indoor units installed at respective indoor rooms, 
each having therein an electronic expansion valve and an indoor 
heat exchanger; a distributor provided between the outdoor unit 
and the plurality of indoor units, for selectively guiding a 
refrigerant introduced from the outdoor unit to the plurality of 
indoor units according to an operation condition; a four- way 
valve provided on an outlet side of the compressor, for 
selectively switching a flow direction of the refrigerant flowing 
through the outdoor heat exchanger; a selective expansion unit 
provided at a rear side of the outdoor heat exchanger, for 
selectively expanding the refrigerant according to the flow 
direction of the refrigerant; a gas -liquid separator provided in 
the outdoor unit, for separating a vapor-phase refrigerant and a 
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liquid-phase refrigerant from the refrigerant flowing out of the 
outdoor heat exchanger; and a connection tube part having a first 
connection tube for connecting the four-way valve with a 
distributor, a second connection tube for connecting an upper 
portion of the gas- liquid separator with the distributor to guide 
the vapor-phase refrigerant, and a third connection tube for 
connecting a lower portion of the gas-liquid separator with the 
distributor to guide the liquid-phase refrigerant. 

[0014] Here, the four-way valve selectively switches between 
a first connection state in which the outlet side of the 
compressor is connected with the outdoor heat exchanger and an 
inlet side of the compressor is connected with the separator, and 
a second connection state in which the outlet side of the 
compressor is connected with the distributor and the inlet side 
of the compressor is connected with the outdoor heat exchanger. 

[0015] Further, the selective expansion unit includes: a 
parallel tube connected between the outdoor heat exchanger and 
the gas-liquid separator; a first check valve provided on one 
side of the parallel tube, for passing the refrigerant flowing 
from the outdoor heat exchanger toward the gas-liquid separator; 
and a heating electronic expansion valve provided on the other 
side of the parallel tube, for expanding the refrigerant 
introduced into the outdoor heat exchanger. 
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[0016] In the meanwhile, the multi-air _ conditioner further 
including a bypass unit for guiding the refrigerant introduced 
through the second connection tube to the inlet of the compressor, 
in case a majority of indoor units operate in the heating mode 
while the rest operates in the cooling mode. 

[0017] Here, the bypass unit includes: a bypass tube for 
connecting the vapor-phase tube with a tube connecting between 
the four- way tube and the outdoor heat exchanger; a first valve 
provided on the bypass tube, and opened only when the majority of 
indoor units operates in the cooling mode the rest operates in 
the heating mode; and a second check valve provided on the second 
connection tube positioned between the gas -liquid separator and 
the bypass tube, for passing only the refrigerant flowing from 
the gas-liquid separator toward the separator. 

[0018] Furthermore, the distributor includes: a guide tube 
part for selectively guiding the refrigerant introduced from the 
outdoor unit to the respective indoor units, and guiding the 
refrigerant heat -exchanged in the respective indoor units to the 
outdoor unit; and a valve part for controlling a flow of the 
refrigerant in the guide tube part such that the refrigerant is 
selectively introduced into the respective indoor unit according 
to the operation condition. 

[0019] Here, the guide tube part includes: vapor-phase branch 
tubes branched from the second connection tube and connected to 
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the indoor units, respectively; liquid-phase branch tube branched 
from the third connection tube and connected to the indoor units, 
respectively; and connection branch tubes connecting the first 
connection tube and the indoor units, respectively. 

[0020] Additionally, the valve part includes a two-way valve 
provided in each of the vapor-phase branch tubes, each of the 
liquid-phase branch tubes, and each of the connection branch 
tubes, and turned on or off according to the operation condition. 

[0021] Also, each electronic expansion valve provided in each 
of the indoor units is provided in each of the liquid-phase 
branch tubes connecting the indoor heat exchangers and the 
distributor . 

[0022] Meanwhile, the multi-air conditioner preferably 
further includes control means for controlling revolution times 
of the outdoor fan such that a mixed ratio of a vapor-phase 
refrigerant and a liquid-phase refrigerant introduced to the gas- 
liquid separator via the outdoor heat exchanger is controlled 
according to the operation condition. 

[0023] Here, the control means includes: a temperature sensor 
provided between the outdoor heat exchanger and the gas- liquid 
separator, for sensing a temperature of the refrigerant; and a 
microcomputer for comparing the sensed temperature of the 
refrigerant with a predetermined temperature to calculate the 
mixed ratio of the refrigerant, and for controlling the 
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revolution times of the outdoor fan to equalize the calculated 
mixed ratio with the predetermined mixed ratio according to the 
operation condition, in case the indoor units all operate in the 
cooling mode, or in case a majority of indoor units operate in 
the cooling mode while the rest operates in the heating mode. 

[0024] In the multi-air conditioner, in case the indoor units 
all operate in the cooling mode or in case the majority of indoor 
units operate in the cooling mode while the rest operates in the 
heating mode, the four- way valve is switched to connect the 
outlet of the compressor with the outdoor heat exchanger and to 
connect the inlet of the compressor with the distributor. 

[0025] Here, in case the indoor units all operate in the 
cooling mode, the heating electronic expansion valve and the 
first valve are closed, the electronic expansion valves of the 
indoor units all operate, the two-way valves connected to the 
vapor-phase branch tubes are all closed, and the two-way valves 
connected to the connection branch tubes and the liquid-phase 
branch tubes are all opened. 

[0026] Additionally, in case the majority of indoor units 
operate in the cooling mode while the rest operates in the 
heating mode, the heating electronic expansion valves and the 
first valve are closed, in case of the indoor units operating in 
the cooling mode, the electronic expansion valves connected to 
the indoor heat exchangers operate, the two-way valves connected 
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to the vapor-phase branch tubes are closed, and the two-way 
valves connected to the connection branch tubes and the liquid- 
phase branch tubes are opened, and in case of the indoor units 
operating in the heating mode, the electronic expansion valves 
connected to the indoor heat exchangers are opened, and the two- 
way valves connected to the vapor-phase branch tubes, the liquid- 
phase branch tubes and the connection branch tubes are opened. 

[0027] Meanwhile, in case the indoor units all operate in the 
heating mode, or in case the majority of indoor units operate in 
the heating mode while the rest operates in the cooling mode, the 
four-way valves are switched to connect the outlet of the 
compressor with the distributor and to connect the inlet of the 
compressor with the outdoor heat exchanger, 

[0028] Here, in case the indoor units all operate in the 
heating mode, the heating electronic expansion valves operate, 
the first valve is closed, the electronic expansion valves of the 
indoor units are all opened, the two-way valves connected to the 
vapor-phase branch tubes are all closed, and the two-way valves 
connected to the connection branch tubes and the liquid-phase 
branch tubes are all opened. 

[0029] Further, in case the majority of indoor units operate 
in the heating mode while the rest operates in the cooling mode, 
the heating electronic expansion valve operates and the first 
valve is closed, in case of the indoor units operating in the 
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heating mode, the electronic expansion valyes connected to the 
indoor heat exchangers are opened, the two-way valves connected 
to the vapor-phase branch tubes are closed, and the two-way 
valves connected to the connection branch tubes and the liquid- 
phase branch tubes are opened, and in case of the indoor units 
operating in the cooling mode, the electronic expansion valves 
connected to the indoor heat exchangers operate, the two-way 
valves connected to the vapor-phase branch tube and the liquid- 
phase branch tube are closed, and the two-way valves connected to 
the connection branch tube are opened. 

[0030] Furthermore, the gas-liquid separator is provided 
between the selective expansion unit and the distributor. 

[0031] In another aspect of the present invention, there is 
provided an operation method of a multi-air conditioner. The 
method includes the steps of: in case indoor units all operate in 
a cooling mode, or in case a majority of indoor units operate in 
the cooling mode while the rest operates in a heating mode, 
switching a four-way valve such that a refrigerant discharged 
from a compressor is introduced into an outdoor heat exchanger; 
and closing a heating electronic expansion valve, and in case the 
indoor units all operate in the heating mode, or in case the 
majority of indoor units operate in the heating mode while the 
rest operates in the cooling mode, switching the four-way valve 
such that a vapor-phase refrigerant discharged from the 
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compressor is introduced into a first connection tube; and 
operating the heating electronic expansion valve. 

[0032] In a further another aspect of the present invention, 
there is provided an operation method of a multi-air conditioner. 
The method includes the steps of: in case indoor units all 
operate in a cooling mode, or in case a majority of indoor units 
operate in the 'cooling mode while the rest operates in a heating 
mode, sensing a temperature of a refrigerant using a temperature 
sensor; and comparing the sensed temperature of the refrigerant 
with a predetermined temperature to detect a mixed ratio of the 
refrigerant in a tube; and varying revolution times of an outdoor 
fan to equalize the detected mixed ratio with a predetermined 
mixed ratio. 

[0033] It is to be understood that both the foregoing general 
description and the following detailed description of the present 
invention are exemplary and explanatory and are intended to 
provide further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] The accompanying drawings, which are included to 
provide a further understanding of the invention and are 
incorporated in and constitute a part of this application, 
illustrate embodiment (s) of the invention and together with the 
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description serve to explain the principle of the invention. 



In 



the drawings : 

[0035] FIG . 1 is a construction view of a multi-air 
conditioner according to a preferred embodiment of the present 
invention; 

[0036] FIG. 2A is a view illustrating an operation state of 
FIG. 1 in case all indoor units operate in a cooling mode; 

[0037] FIG. 2B is a view illustrating an operation state of 
FIG. 1 in case all indoor units operate in a heating mode; 

[0038] FIG. 3A is a view of illustrating an operation state 
of FIG. 1 in case a majority of indoor units operate in a cooling 
mode while the rest of them operates in a heating mode; and 

[0039] FIG. 3B is a view of illustrating an operation state 
of FIG. 1 in case a majority of indoor units operates in a 
heating mode while the rest thereof operates in a cooling mode. 




[0040] Reference will now be made in detail to the preferred 
embodiments of the present invention, examples of which are 
illustrated in the accompanying drawings. Wherever possible, the 
same reference numbers will be used throughout the drawings to 
refer to the same or like parts. 
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[0041] FIG. 1 is a construction view of illustrating 
structural elements of a multi-air conditioner according to a 
preferred embodiment of the present invention. 

[0042] Herein, it is noted that a reference numeral 22 
indicates "22a, 22b and 22c", 24 indicates "24a, 24b and 24c", 25 
indicates "25a, 25b and 25c", 31 indicates "31a, 31b and 31c", 61 
indicates "61a, 61b and 61c", and 62 indicates "62a, 62b and 62c", 
for description convenience. However, it will be understood that 
the numbers of the reference numerals can be changed depending on 
the numbers of indoor units. 

[0043] As shown in FIG. 1, a multi-air conditioner includes 
an outdoor unit (A) , a distributor (B) , and a plurality of indoor 
units (CI, C2 and C3 ) . The outdoor unit (A) includes a 
compressor 1, an outdoor heat exchanger 2, a selective expansion 
unit 14, and a gas-liquid separator 3 and the like. The 
distributor (B) includes a guide tube part 20 and a valve part 31. 
Also, each of the plurality of indoor units (C) includes an 
indoor heat exchanger 62 and an electronic expansion unit 61. 

[0044] Generally, the outdoor unit (A) is installed on an 
outdoor wall or the bottom of a roof, and the distributor (B) is 
installed at an indoor ceiling or an indoor marginal space. 
Accordingly, it is difficult to install the distributor (B) in 
the indoor space as the distributor (B) increases in weight or 
volume . 
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[0045] Specifically, in case the distributor (B) increases in 
the weight, the distributor (B) may fall down due to increase of 
a falling load when it is installed at the indoor ceiling. 

# 

[0046] Accordingly, it is desirable that only guide tube 
parts 2 0 for guiding the supply of refrigerant are installed in 
the distributor (B) , while the rest such as a gas-liquid 
separator 3 is installed in the outdoor unit (A) , not in the 
distributor (B) . At the same time, it is desirable for a low 
product price that a tube structure of the outdoor unit (A) is 
simplified to improve an efficiency of the multi-air conditioner 
and to simplify a fabrication process thereof. 

[0047] First, a construction of the outdoor unit (A) will be 
described as follows. 

[0048] Referring to FIG. 1, the outdoor unit (A) includes the 
compressor 1, the outdoor heat exchanger 2, an outdoor fan 2a, 
the gas -liquid separator 3, a four- way valve 5, the selective 
expansion unit 14, and tubes for connecting the aforementioned 
elements to one another. 

[0049] Herein, the gas-liquid separator 3 separates a vapor- 
phase refrigerant and a liquid-phase refrigerant from the 
refrigerant discharged from the outdoor heat exchanger 2, to 
discharge the separated refrigerants into the distributor (B) , 
respectively. For this, an upper portion of the gas-liquid 
separator 3 is connected to a second connection tube 4b for 
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guiding the vapor-phase refrigerant. Also,_ a lower portion of 
the gas-liquid separator 3 is connected to a third connection 
tube 4c for guiding the liquid-phase refrigerant. 

[0050] Further, as described above, the gas-liquid separator 
3 is provided in the outdoor unit (A) , not in the distributor (B) , 
and more specifically, is provided between the selective 
expansion unit 14 and the distributor (B) . 

[0051] On the other hand, as shown in FIG. 1, the selective 
expansion unit 14 is provided at a rear side of the outdoor heat 
exchanger 2. The selective expansion unit 14 is comprised of a 
parallel tube 14c, a first check valve 14b, and a heating 
electronic expansion valve 14a. 

[0052] Herein, the parallel tube 14c is provided between the 
outdoor heat exchanger 2 and the gas-liquid separator 3. The 
first check valve 14b is provided in one side of the parallel 
tube 14c to pass only refrigerant flowing from the outdoor heat 
exchanger 2 into the gas -liquid separator 3. The heating 
electronic expansion valve 14a is provided in the other side of 
the parallel tube 14c and controlled depending on an operation 
condition, to expand only refrigerant introduced into the outdoor 
heat exchanger 2 . 

[0053] Electronic expansion valves according to the present 
invention can be selectively switched to be in an operation state, 
in a closed state, or in an opened state. In the operation state, 

16 



OPPAZ20030063 

the electronic expansion valve allows the passing refrigerant to 
expand . 

[0054] Through the above construction, the selective 
expansion unit 14 selectively expands only refrigerant introduced 
into the outdoor heat exchanger 2 . 

[0055] Meanwhile, the four-way valve 5 includes two inlets 
and two outlets. The inlets are respectively communicated with 
the outlets to form two flow channels total. And, a 

communication state between the inlets and the outlets is varied 
by a switching signal, etc. Accordingly, the four-way valve 5 is 
used for selectively varying a flow direction of the refrigerant 
flowing therethrough. For this, the four- way valve 5 is 
preferably provided in an adjacent position to a discharging 
outlet of the compressor 1 . 

[0056] Herein, the four-way valve 5 functions to vary the 
flow direction of the refrigerant flowing through the outdoor 
heat exchanger 2 in relation to the compressor 1 and the outdoor 
heat exchanger 2 . 

[0057] Generally, in a thermodynamic cycle for heating and 
cooling, the refrigerant is circulated in a sequence of the 

compressor — > condenser — * expansion valve — * evaporator. That is, 
the heat exchanger connected to the refrigerant discharging 
outlet of the compressor 1 functions as the condenser, and the 
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heat exchanger connected to the refrigerant absorbing inlet of 
the compressor 1 functions as the evaporator. 

[0058] Accordingly, if the four-way valve 5 is used for 
varying the flow direction of the refrigerant flowing through the 
outdoor heat exchanger 2, the indoor units (CI, C2 and C3) can 
selectively heat or cool the room airs. 

[0059] Referring to FIG. 2A, the four-way valve 5 is switched 
to connect the discharging outlet of the compressor 1 with the 
outdoor heat exchanger 2 and to connect the absorbing inlet of 
the compressor 1 with the distributor (B) . At this time, the 
outdoor heat exchanger 2 functions as the condenser to allow the 
indoor unit (C) to cool the room airs. 

[0060] Meanwhile, referring to FIG. 2B, the four-way valve 5 
is switched to connect the discharging outlet of the compressor 1 
with the distributor (B) and to connect the absorbing inlet of 
the compressor 1 with the outdoor heat exchanger 2. At this time, 
the outdoor heat exchanger 2 functions as the evaporator to allow 
the indoor unit (C) to heat the room airs. 

[0061] As shown in FIGs . 2A and 2B, as the four-way valve 5 
is switched to vary a tube-connecting state between respective 
structural elements in the outdoor unit (A) , the flow direction 
of the refrigerant flowing through the outdoor heat exchanger 2 
is varied. 

18 



OPPAZ20030063 

[0062] As shown in FIG. 1, three tubes are provided for 
flowing the refrigerant between the outdoor unit (A) and the 
distributor (B) . 

[0063] A first connection tube 4a functions to connect the 
four-way valve 5 with the distributor (B) . A second connection 
tube 4b functions to connect an upper portion of the gas- liquid 
separator 3 with the distributor (B) to guide the vapor-phase 
refrigerant. And, a third connection tube 4c functions to 
connect a lower portion of the gas-liquid separator 3 with the 
distributor (B) to guide the liquid-phase refrigerant. 

[0064] On the other hand, in case a majority of indoor units 
(C) operates in the heating mode while the rest thereof operates 
in the cooling mode, a bypass unit is preferably provided. The 
bypass unit allows the refrigerant introduced into the outdoor 
unit (A) through the second connection tube 4b, to be guided to 
the absorbing inlet of the compressor 1 not via the outdoor heat 
exchanger 2 and the gas-liquid separator 3. 

[0065] As shown in FIG. 1, the bypass unit is comprised of a 
bypass tube 16, a first valve 16a and a second check valve 17. 

[0066] Herein, the bypass tube 16 functions to connect the 
second connection tube 4b with a connection tube between the 
four-way valve 5 and the outdoor heat exchanger 2 . 

[0067] The first valve 16a is provided in the bypass tube 16 
to be opened only in case the majority of the indoor units (C) 
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operate in the cooling mode while the rest- thereof operates in 

the heating mode. 

[0068] The second check valve 17 is provided in the second 

* 

connection tube 4b positioned between the gas-liquid separator 3 
and the bypass tube 16, to allow only refrigerant flowing from 
the gas-liquid separator 3 to the distributor (B) to pass 
therethrough . 

[0069] Also, the multi-air conditioner according to the 
present invention preferably further includes a controller for 
controlling revolution times of the outdoor fan 2a such that a 
mixed ratio of the vapor-phase refrigerant and the liquid-phase 
refrigerant introduced into the gas-liquid separator 3 via the 
outdoor heat exchanger 2 is controlled depending on an operation 
condition . 

[0070] The controller is comprised of a temperature sensor 18 
and a microcomputer (not shown) . 

[0071] Herein, the temperature sensor 18 is provided between 
the outdoor heat exchanger 2 and the gas-liquid separator 3, to 
sense a temperature of the refrigerant. The microcomputer 
compares the sensed temperature of the refrigerant with a 
predetermined temperature to calculate the mixed ratio of the 
refrigerant in the tube, and controls the revolution times of the 
outdoor fan 2a to equalize the calculated mixed ratio with the 
predetermined mixed ratio depending on the operation condition. 
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The revolution times of the outdoor fan 2a is controlled so as to 
supply an optimal refrigerant, in both cases the indoor units 
operate in the cooling mode, and the majority of the indoor units 
operates in the cooling mode while the rest operates in the 
heating mode. 

[0072] Hereinafter, a construction of the distributor (B) 
will be described in detail. 

[0073] As shown in FIG. 1, the distributor (B) is comprised 
of the guide tube part 2 0 and the valve part 31. The guide tube 
part 2 0 guides the refrigerant introduced from the outdoor unit 
(A) to the respective indoor units (C) , and inversely guides the 
refrigerant heat -exchanged in the indoor units (C) to the outdoor 
unit (A) . The valve part 31 controls a flow of the refrigerant 
in the guide tube part 2 0 such that the refrigerant selectively 
flows into each indoor unit (C) depending on the operation 
condition . 

[0074] Herein, the guide tube part 20 is comprised of vapor- 
phase branch tubes 22, liquid-phase branch tubes 24, and 
connection branch tubes 25. 

[0075] The vapor-phase branch tubes 22 are branched from the 
second connection tube 4b to be connected to the respective 
indoor units (C) , thereby guiding the vapor-phase refrigerant. 
The liquid-phase branch tubes 24 are branched from the third 
connection tube 4c to be connected to the respective indoor unit 
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(C) , thereby guiding the liquid-phase - refrigerant. The 
connection branch tubes 2 5 function to connect the first 
connection tube 4a with the respective indoor units (C) . 

[007 6] Meanwhile, the valve part 31 is comprised of a two-way 
valve being respectively provided for the vapor-phase branch tube 
22, the liquid-phase branch tube 24, and the connection branch 
tube 25. The two-way valves are selectively respectively 

# 

switched depending on the operation condition. 

[0077] Hereinafter, a construction of the indoor unit (C) 
will be described in detail. 

[0078] As shown in FIG. 1, the indoor unit (C) is each 
comprised of an indoor heat exchanger 62, an electronic expansion 
valve 61, and an indoor fan (not shown) for ventilating the 
indoor heat exchanger 62 . 

[0079] Hereinafter, an exemplary operation and a flow of the 
refrigerant in the multi-air conditioner according to a preferred 
embodiment of the present invention will be given with reference 
to FIGs . 2A to 3B . 

[0080] As shown in the drawings, the multi-air conditioner 
provides three indoor units (C) , but is not limited to that, and 
more indoor units can be provided if necessary. 

[0081] As shown in FIG. 2A, descriptions will be in detail 
made for the case all indoor units (C) operate in the cooling 
mode . 
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[0082] The refrigerant discharged from -the compressor 1 is 
introduced into the outdoor heat exchanger 2 by the switching 
operation of the four-way valve 5. After that, the introduced 
refrigerant is cooled by ventilation of the outdoor fan 2a under 
the control of the controller. 

[0083] Next, the cooled refrigerant passes through the first 
check valve 14b of the selective expansion unit 14 and is 
introduced into the gas-liquid separator 3. 

[0084] At this time, the revolution times of the outdoor fan 
2a is controlled to condense all refrigerant introduced into the 
outdoor heat exchanger 2 such that all refrigerant introduced into 
the gas-liquid separator 3 becomes in a liquid phase. 

[0085] After that, the high-pressure and liquid-phase 
refrigerant passes through the third connection tube 4c and the 
liquid-phase tube 23 and is branched into the respective liquid- 
phase branch tubes 24. Next, after the branched refrigerant is 
expanded in the electronic expansion valve 61, the expanded 
refrigerant is evaporated in the indoor heat exchanger 62 to cool 
the room airs . 

[0086] The evaporated refrigerant is converged into one 
return tube 26 along each connection branch tube 25 and is then 
introduced into the first connection tube 4a. At this time, each 
vapor-phase branch tube 22 is closed. After that, the 
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refrigerant passes through the four-way valve 5 and an 
accumulator 19 to be absorbed in the compressor 1. 

[0087] As shown in FIG. 2B, descriptions will be made in 
detail for the case the indoor units (C) all operate in the 
heating mode. 

[0088] The refrigerant discharged from the compressor 1 is 
introduced into the first connection tube 4a in a high pressure 
by the switching operation of the four-way valve 5. After that, 
the refrigerant passes through the return tube 26 and is branched 
into the connection branch tubes 25 respectively. 

[0089] Next, the high-pressure and vapor-phase refrigerant 
passes through the indoor heat exchanger 62 respectively and is 
condensed with heating the room airs. 

[0090] The condensed refrigerant passes through the opened 
electronic expansion valve 61, the liquid-phase branch tube 24, 
and the liquid-phase tube 23 and is introduced into the third 
connection tube 4c. At this time, the two-way valves 31 provided 
in the vapor-phase branch tube 22 are closed. 

[0091] After that, the introduced refrigerant passes through 
the gas -liquid separator 3 and expands in the heating electronic 
expansion valve 14a of the selective expansion unit 14. Next, 
the expanded refrigerant is introduced into the outdoor heat 
exchanger 2 and is vaporized to be changed into a low-pressure 
and vapor-phase refrigerant. The low-pressure and vapor-phase 
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refrigerant passes through the four-way- valve 5 and the 
accumulator 19 and is introduced into the compressor 1.* 

[0092] As shown in FIG. 3A, descriptions will be made in 
detail for the case the majority of indoor units (CI, C2) operate 
in the cooling mode while the rest (C3) operates in the heating 
mode . 

[0093] The refrigerant discharged from the compressor 1 is 
introduced into the outdoor heat exchanger 2 by the switching 
operation of the four-way valve 5. After the introduced 
refrigerant becomes in an optimal two-phase (vapor and liquid 
phases) state by the ventilation of the outdoor fan 2a under the 
control of the controller, the two-phase refrigerant passes 
through the first check valve 14b and is introduced into the gas- 
liquid separator 3. 

[0094] At this time, the mixed ratio of the two-phase 
refrigerant introduced into the gas -liquid separator 3 is 
optimized by the controller. That is, the temperature sensor 
measures a temperature of the refrigerant, and then the 
microcomputer compares the measured temperature with the 
predetermined temperature to calculate the mixed ratio of the 
refrigerant. The mixed ratio of the refrigerant is optimized, by 
controlling the revolution times of the outdoor fan 2a to 
equalize the calculated mixed ratio with the predetermined mixed 
ratio . 
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[0095] Herein, the predetermined mixed ratio of the two-phase 
refrigerant is determined, according to the number of the indoor 
units (CI, C2) operating in the cooling mode using the liquid- 
phase refrigerant and to the number of the outdoor unit (C3) 
operating in the heating mode using the vapor-phase refrigerant. 
More specifically, the predetermined mixed ratio of the two-phase 
refrigerant is an experimental value which is determined by an 
experiment considering the flow and various loads of the 
condensed refrigerant passing through the indoor units (CI, C2) 
operating in the cooling mode and introduced into the indoor unit 
(C3) operating in the heating mode. 

[0096] The liquid-phase refrigerant of the high-pressure and 
two-phase refrigerant sequentially passes through the third 
connection tube 4c, the liquid-phase tube 23 and the liquid-phase 
branch tubes 24a and 24b, to be introduced into the indoor units 
(CI, C2) operating in the cooling mode. 

[0097] After that, the introduced refrigerant is expanded in 
the respective electronic expansion valves 61a and 61b and is 
evaporated in each of the indoor heat exchangers 62a and 62b, to 
cool the room airs . 

[0098] On the other hand, the vapor-phase refrigerant 
sequentially passes through the second connection tube 4b, the 
vapor-phase tube 21 and the vapor-phase branch tube 22c, to be 
introduced into the indoor unit (C3) operating in the heating 
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mode. After the introduced refrigerant .is condensed in the 
indoor heat exchanger 62c to heat the room air, the condensed 
refrigerant passes through the opened electronic expansion valve 
61c and the liquid-phase branch tube 24c to be introduced into 
the liquid-phase tube 23. Accordingly, the condensed refrigerant 
is introduced into the indoor units (CI, C2) operating in the 
cooling mode along with the above described liquid-phase 
refrigerant . 

[0099] Herein, since a pressure of the refrigerant flowing 
through the liquid-phase branch tube 24c connected to the indoor 
unit (C3) operating in the heating mode is higher than a pressure 
of the refrigerant flowing through the liquid-phase tube 23, the 
refrigerant is introduced into the liquid-phase tube 23 without 
reverse current . 

[00100] After that, the refrigerant evaporated with passing 
through the indoor units (CI, C2) needing to be cooled passes 
through the connection branch tubes 2 5a and 2 5b and the return 
tube 26 to be introduced into the first connection tube 4a, and 
then passes through the four-way valve 5 and the accumulator 19 
to be absorbed in the compressor 1. 

[00101] As shown in FIG. 3B, descriptions will be made in 
detail for the case the majority of indoor units operate in the 
heating mode while the rest operates in the cooling mode. 
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[00102] The refrigerant discharged from the compressor 1 
passes through the first connection tube 4a by the switching 
operation of the four-way valve 5 to be introduced into the 
return tube 26 of the distributor (B) . After that, the introduced 
refrigerant passes through the connection branch tubes 2 5a and 
25b connected to the indoor units (CI, C2) operating in the 
heating mode, to be introduced into the indoor heat exchangers 
62a and 62b. The introduced high-pressure and vapor-phase 
refrigerant is condensed in the indoor heat exchangers 62a and 
62b to heat the room air. 

[00103] Next, the condensed refrigerant passes through the 
opened electronic expansion valves 61a and 61b, the liquid-phase 
branch tubes 24a and 24b and the liquid-phase tube 23. After that, 
a portion of the condensed refrigerant is introduced into the 
third connection tube 4c, while the remaining portion of the 
condensed refrigerant is introduced into the liquid-phase branch 
tube 24c connected to the indoor unit (C3) operating in the 
cooling mode. 

[00104] After that, the refrigerant introduced into the third 
connection tube 4c passes through the gas -liquid separator 3 to 
expand in the heating electronic expansion valve 14a of the 
selective expansion unit 14. Afterwards, after the expanded 
refrigerant passes through the outdoor heat exchanger 2 to be 
evaporated, the evaporated refrigerant passes through the four- 
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way valve 5 and the accumulator 19 to - be absorbed in the 
compressor 1 . 

[00105] In the meanwhile, after the remaining portion of the 
condensed refrigerant is introduced into the liquid-phase branch 
tube 24c connected to the indoor unit (C3) operating in the 
cooling mode, the introduced refrigerant passes through the 
electronic expansion valve 61c to be expanded. The expanded 
refrigerant is evaporated in the indoor heat exchanger 62c to 

cool the room air. 

[00106] After that, the evaporated refrigerant sequentially 
passes through the vapor-phase branch tube 22c, the vapor-phase 
tube 21 and the second connection tube 4b to be introduced into 
the bypass tube 16. At this time, introduced of the refrigerant 
into the second check valvel7 is closed. 

[00107] Next, the refrigerant passes through the opened first 
valve 16a to be introduced into the four-way valve 5. After that, 
the refrigerant passes through the accumulator 19 to be absorbed 
in the compressor 1 . 

[00108] Herein, since the pressure of the refrigerant passing 
through the liquid-phase branch tubes 24a and 24b connected to 
the indoor units (CI, C2) operating in the heating mode is higher 
than the pressure of the refrigerant passing through the liquid- 
phase branch tube 24c connected to the indoor unit (C3) operating 
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in the cooling mode, the refrigerant can be introduced into the 
indoor unit (C3) operating in the cooling mode. 

[00109] On the other hand # described will be an operation 
method of the multi-air conditioner according to the present 
invention in both cases the indoor units (C) all operate in the 
cooling mode, or the majority of indoor units (CI, C2) operate in 
the cooling mode while the rest (C3) operates in the heating mode. 

[00110] First, the temperature sensor 18 measures the 
temperature of the refrigerant. After that, the microcomputer 
compares the measured temperature of the refrigerant with the 
predetermined temperature to calculate the mixed ratio of the 
refrigerant passing through the outdoor heat exchanger 2 . The 
optimal mixed ratio is maintained, by controlling the revolution 
times of the outdoor fan 2a to equalize the calculated mixed 
ratio with the predetermined mixed ratio. 

[00111] As described previously, the multi-air conditioner 
according to the present invention can respond to the environment 
of each room optimally. That is, the multi-air conditioner can 
operate in the heating mode or the cooling mode so as to heat or 
cool all rooms, and also enables operation in a mode in which 
some rooms operate in the cooling mode and the others operates in 
the heating mode. Further, in the latter case, the multi-air 
conditioner can respond optimally depending on whether the 
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majority of the rooms operate in the cooling mode or in the 
heating mode . 

[00112] In other words, the mul ti-air conditioner and an 
operation method thereof according to the present invention have 

advantages as follows. 

[00113] First, an optimal adaptation for environments of 
respective rooms can be accomplished. In other words, an optimal 
adaptation can be accomplished for environments of the computer 
center needing to be cooled in summer days and even in winter 
days as well as a plurality of rooms having a temperature 
difference depending on the positions or time of the rooms. 

[00114] Second, since the gas- liquid separator having a 
relatively large weight and volume is installed in the outdoor 
unit, not in the distributor, the weight of the distributor is 
reduced, so that easy installation of the distributor is possible. 

[00115] Third, the tube structure and construction of the 
outdoor unit are simplified to reduce a pressure loss or the like 
of the tube, thereby improving the efficiency of the multi-air 
conditioner. Also, the fabrication process can be simplified and 
the product price can be lowered. 

[00116] Fourth, in case the indoor units all operate in the 
cooling mode, or in case the majority of the indoor units 
operates in the cooling mode while the rest operates in the 
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heating mode, the mixed ratio of the refrigerant can be optimized 
to improve the efficiency of air conditioning. 

[00117] It will be apparent to those skilled in the art that 
various modifications and variations can be made in the present 
invention. For example, the noise suppressing apparatus may be 
installed at the refrigerant tube of the outdoor unit, as well as 
the indoor unit. Also, a number of comparting plates are not 
integrally formed with the body, but is separately inserted and 
fixed to the body. Thus, it is intended that the present 
invention covers the modifications and variations of this 
invention provided they come within the scope of the appended 
claims and their equivalents . 
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